INTRODUCTION
============

Over the past few decades, the proportion of aged patients in Korea has increased. Based on Statistics Korea, the population over the age of 75 years was 666,809 in 1990, about twice this number (1,432,417) in 2005, and thrice (2,046,485) in 2010. The population in the year of 2020 is predicted to be about 3,431,048.

The balance of the risks and the benefits of cardiac surgery in aged patients is still a major concern because of their high operative risks, expected gain, and poor quality of life after surgery. There have been many acceptable results published in the western countries \[[@b1-kjtcv-47-451]--[@b4-kjtcv-47-451]\], and a few articles, which also presented good results, published in Korea \[[@b5-kjtcv-47-451]--[@b8-kjtcv-47-451]\]. However, to give more accurate information to the patients, their families, and clinicians, we certainly need more data about cardiac surgery performed in aged patients in the Korean population. Therefore, in this study, we assess the hospital course and the mid-term clinical status of patients aged more than 75 years who underwent cardiovascular surgery at a single center.

METHODS
=======

Between July 2003 and June 2011, 1,468 cardiovascular operations (coronary artery bypass grafting \[CABG, 723\], valve \[364\], and thoracic aorta \[381\]) were performed at Seoul National University Bundang Hospital. Of the patients who underwent these operations, 251 consecutive patients aged over 75 years were included in this study. The patients' preoperative status, characteristics, and intra-operative and peri-operative data were collected retrospectively, and the follow-up data were reviewed through outpatient clinic records or from telephone interviews. This study was approved by the Seoul National University Bundang Hospital's institutional review board (IRB no. B-1108-134-102), and informed consent was waived by the IRB.

1) Data collection
------------------

The EuroSCORE (European system for cardiac operative risk evaluation) \[[@b9-kjtcv-47-451]\] was used for preoperative co-morbid variables. The cases were classified into three groups according to the timing of the operation: elective, urgent, and emergency. An elective operation was defined as when a patient's state was not critical at the referral date and the patient was discharged home and re-admitted to the hospital on the scheduled date of operation. Urgent operations were performed in patients in an unstable state after the stabilization of vital signs by medication or interventions before the scheduled operative date. Emergency operations required immediate surgical intervention as the patient's state was very unstable and surgical intervention was carried out on referral before the beginning of the next working day. Early mortality was defined as death occurring within 30 days or before discharge.

2) Statistical analysis
-----------------------

Statistical analysis was performed using IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA). Continuous variables were analyzed using the Mann--Whitney U-test, and categorical variables were analyzed using the chi-square or Fisher's exact test. A probability value of less than 0.05 was considered statistically significant. Early mortality and the associated variables were analyzed using a multiple logistic regression model. The survival analysis was assessed using a Kaplan--Meier survival curve and included the timing of surgery, which was compared using the log-rank test.

RESULTS
=======

The patients' mean age was 78.7±3.4 years, the maximum age was 91 years, and the proportion of females was 48.2% (121). Operative procedures, timing of the operation, and mortality rate are listed in [Table 1](#t1-kjtcv-47-451){ref-type="table"}. One hundred and seventy-one patients (68.1%) underwent CABG, making it the most commonly performed procedure. Excluding concomitant procedures, 141 patients underwent isolated CABG, and among them, 74 (52.5%) patients underwent off-pump surgery. Aortic valve surgery was performed in 41 patients, and 39 patients underwent replacement surgery. Mitral valve surgery was performed in 29 patients, and 12 patients underwent replacement surgery. Tricuspid valve surgery was performed in 12 patients, and 2 underwent replacement surgery. There were 10 patients who underwent total arch replacement; 3 patients, thoracoabdominal aorta replacement; and the rest, aorta surgery for ascending aorta or hemiarch replacement. By comparing the operative procedures, we found that the early mortality rate was higher in patients who underwent aorta surgery.

The cause of early mortality is shown in [Fig. 1](#f1-kjtcv-47-451){ref-type="fig"}. Cardiac-related death included heart failure and sudden cardiac arrest, which was the most common cause of death. However, there was no cardiac-related death in the elective surgery cases. Infection-related death was defined as patients presenting no evidence of pneumonia or mediastinitis clinically but appearing to have infection signs (fever, leukocytosis, and/or elevated inflammatory serum markers) and proven to have bacteremia in the blood culture.

The result of the risk factors for early mortality is listed in [Table 2](#t2-kjtcv-47-451){ref-type="table"}. Emergency operation, aorta operation, recent myocardial infarction (MI), and ejection fraction lower than 50% had statistical significance in the univariate analysis. A further logistic regression analysis was performed, and age, emergency operation, aorta operation, and recent MI proved to be the independent predictors of early mortality.

Postoperative complications and definitions are listed in [Fig. 2](#f2-kjtcv-47-451){ref-type="fig"} and [Table 3](#t3-kjtcv-47-451){ref-type="table"}, respectively. Two hundred and eighty-eight complications developed in 150 patients (59.8%). Forty patients (81.6%) developed complications in the emergency cases, 59 (69.4%) in the urgent ones, and 51 (44.0%) in the elective cases (p\<0.001). The patients who underwent emergency and urgent operations had a greater incidence of complications than the elective cases. Atrial fibrillation newly occurred in 46 patients, and the sinus conversion rate was 71.7% (33) before discharge.

The causes of late mortality are listed in [Fig. 3A](#f3-kjtcv-47-451){ref-type="fig"}. The cause of late mortality was unknown in 39.6% of the patients as many of the patients expired at home or at a place other than a hospital. Consequently, there was no method to determine the exact cause of death for these patients.

All surviving patients (219) underwent complete follow-up. The mean follow-up duration was 2.8±2.2 years. One hundred and ninety-nine patients (90.9%) were followed using outpatient clinic or inpatient clinic medical records. The other 20 patients (9.1%) received follow-up care at another hospital near their hometown. Therefore, we interviewed them over the phone. We investigated the reason of readmission for 199 patients who were able to review their hospital records; the findings are illustrated in [Fig. 3B](#f3-kjtcv-47-451){ref-type="fig"}. There were 283 readmissions, in total, of the 109 patients. The reasons of readmission for surgery-related complications were mediastinitis or wound problems, which needed in-hospital care. Patients with heart failure, those who required permanent pacemaker implantation for arrhythmia, and those who needed percutaneous coronary intervention or redo cardiac operations were included in the group of patients with cardiac-related reasons. There were many more patients who needed non-cardiac-related medical or surgical treatment than cardiac-related treatment for readmission (71.3% vs. 28.7%). 8 patients (from a total of 251, 3.2%) had an underlying neoplasm pre-operatively and 23 patients (from a total of 199, 11.6%) had a newly detected neoplasm during the postoperative follow-up period.

Overall crude survival estimates (251) were 79.2% at the 1-year follow-up, 71.7% at the 2-year follow-up, 66.0% at the 3-year follow-up, and 58.4% at the 5-year follow-up. Among the cases of hospital survival (219), the survival estimates were 90.9% at the 1-year follow-up, 82.2% at the 2-year follow-up, 75.7% at the 3-year follow-up, and 67.0% at the 5-year follow-up. Survival estimates between the timing of surgery are listed in [Fig. 4](#f4-kjtcv-47-451){ref-type="fig"}. Elective patients had a better survival rate than the urgent and emergency operative cases (p\<0.001).

DISCUSSION
==========

Age has been one of the most concerning factors for cardiac surgery because of a high incidence of longer hospitalization, morbidity including operative mortality, and consequently, the unbalance of the cost--benefit ratio \[[@b10-kjtcv-47-451],[@b11-kjtcv-47-451]\]. However, with the help of improving technologies and the development of cardiac surgery, the upper limit of age for surgery seems to be increasing. In Korea, like other countries, the aged proportion of the population is progressively increasing, and the outcomes of cardiac surgery for these aged populations should be determined.

In our series, the overall operative mortality rate was 12.7% and that of the elective cases was only 4.5%. However, those in poorer emergency condition showed a higher operative mortality rate (urgent, 13.3%; emergency, 30.6%). Previous reports of cardiac surgery for other Asian septuagenarians had outcomes similar to those of our study. Nakano et al. \[[@b12-kjtcv-47-451]\] reported an operative mortality rate of 9%. Shomura et al. \[[@b13-kjtcv-47-451]\] reported an operative mortality rate of 8.2% in elective cases and 47.6% in emergency/urgent cases. For the western population, Katz et al. \[[@b14-kjtcv-47-451]\] reported an in-hospital mortality rate of 6.4%, but the mortality rate of the emergency cases was 9%.

Few articles on aged Korean patients have been published previously. Yoo et al. \[[@b7-kjtcv-47-451]\] reported that isolated CABG performed in patients over 75 years of age showed a lower operative mortality rate than our outcome (3.3% vs. 7.8%) \[[@b7-kjtcv-47-451]\]. Considering the relatively high proportion of emergency cases (5.5% \[5/91\] vs. 16.3% \[23/141\]), our operative mortality rate for isolated CABG did not seem inferior. Regarding the outcomes of octogenarians, only a few studies, each with a small study population of less than 25 patients, have been published \[[@b6-kjtcv-47-451],[@b8-kjtcv-47-451]\]. In our data, there were 87 patients who were over 80 years of age. Among them, 20 patients (23.0%) underwent surgery in the emergency state and 7 (35%, 7/20) of these patients expired before discharge. The overall operative mortality rate in the octogenarians considered in our study was 18.4% (16/87) and that of the elective case was only 5.7% (2/35).

Postoperative complications have been reported in approximately 30% to 40% of cases in septuagenarians \[[@b15-kjtcv-47-451],[@b16-kjtcv-47-451]\] and more in octogenarians \[[@b17-kjtcv-47-451],[@b18-kjtcv-47-451]\]. Further, it should be noted that the definition of morbidity or the preoperative comorbid state varies among studies. In particular, the timing of surgery related to the preoperative status has been reported to have a notable correlation with postoperative morbidity \[[@b19-kjtcv-47-451]--[@b21-kjtcv-47-451]\]. The rate of complications in our data was 59.8%; 150 patients experienced at least one complication after surgery, and the incidence of the complications was highly related to the timing of surgery (emergency vs. urgent vs. elective: 81.6% vs. 69.4% vs. 44.0%).

We have shown that the overall survival rate was 79.2% at the 1-year follow-up and 58.4% at the 5-year follow-up in our series. Similarly, Ogino et al. \[[@b22-kjtcv-47-451]\] reported 83.5% at the 1-year follow-up and 65.8% at the 5-year follow-up. Further, Lopez-Rodriguez et al. \[[@b15-kjtcv-47-451]\] reported 85% at the 1-year follow-up and 65% at the 5-year follow-up for the septuagenarians. Our data shows a lower survival rate than these data, but a strict meaningful comparison is difficult from other nationally representative studies because of different patient selection and the preoperative patients' co-morbid state. It is well known that emergency surgery is largely related to operative results \[[@b23-kjtcv-47-451],[@b24-kjtcv-47-451]\]. Specifically in the case of elderly patients who had undergone surgery in an emergency status, inferior results have previously been reported for late outcomes \[[@b22-kjtcv-47-451],[@b25-kjtcv-47-451]\]. The discharged patients who had undergone elective operations had excellent results in our study; the overall survival rate was 97.9% at the 1-year follow-up and 78.1% at the 5-year follow-up. Patients who underwent emergency or urgent operations had a lower survival rate than those who underwent elective operations. The log-rank test revealed that the timing of surgery led to a significant difference in the long-term survival rate (p\<0.001). Older patients hesitate to visit a hospital until they seem to be in a critically ill condition and might miss the right timing for surgery. Further, some patients are worried about their operative risk due to their old age and reject undergoing an operation even in a stable condition for elective surgery. In our study, the percentage of elective cases was only 44.6% and that of the urgent/emergency cases was 55.4%, suggesting that patients delayed surgery until it became critically necessary.

Among the discharged patients who survived after cardiac surgery, many of the patients had other underlying disorders that needed medical or surgical care. The rate of re-admission for cardiac-related problems was only 15.5% in our study, which means that appropriate surgical correction of cardiac disease will reduce cardiac-related discomfort. On the other hand, there were 71.3% patients who needed in-hospital care due to factors that were not cardiac related nor surgery related, which implies that elderly patients need to be provided other coordinated care in order to improve the late outcomes.

In conclusion, cardiac surgery can be performed in the elderly safely, and the outcome will be much better if the patient is in a stable condition. Emergency and urgent surgery was highly related to operative complications and mortality. Hesitation in agreeing to undergo cardiac surgery because of age might be a time-wasting decision and lead to losing the opportunity for appropriate operative timing. Earlier referral and intervention may save many more aged patients and would produce better clinical outcomes. Further, because of the co-morbidity in older patients, such as non-cardiac-related medical and surgical problems, both cardiac problems and pre- and postoperative comprehensive coordinated care must be considered for elderly patients.
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###### 

Number of patients and early mortality rate according to the type procedure and timing of operation

  Timing of operation                      Elective   Urgent   Emergency   Total
  ---------------------------------------- ---------- -------- ----------- -------
  No. of patients                                                          
   Total                                   112        90       49          251
   Isolated CABG                           60         58       23          141
   Isolated valve repair/replacement       14         7        2           23
   Isolated aortic procedure               9          6        20          35
   Combination of above                    23         19       4           46
   Others (atrial myxoma)                  6          0        0           6
  Early mortality                                                          
   Total (%)                               4.5        13.3     30.6        12.7
   Isolated CABG (%)                       0          8.6      26.1        7.8
   Isolated valve repair/replacement (%)   7.1        14.3     50          13.0
   Isolated aortic procedure (%)           11.1       16.7     25.0        20.0
   Combination of above (%)                13.0       26.3     75.0        23.9
   Others (atrial myxoma) (%)              0          0        0           0

CABG, coronary artery bypass grafting.

###### 

Risk factors associated with early mortality

  Risk factors                                  Value        Mortality (no.)   Univariate   Multivariate
  --------------------------------------------- ------------ ----------------- ------------ --------------
  Age (mean yr)                                 78.69±3.37                     0.062        0.045
  EuroSCORE                                     10.04±3.04                     \<0.001      
  Age corrected EuroSCORE                       5.65±3.04                      \<0.001      
  Female                                        121 (48.2)   16                0.828        
  Emergency                                     49 (19.5)    15                \<0.001      0.047
  Urgency                                       90 (35.9)    12                0.836        
  Chronic obstructive pulmonary disease         20 (8.0)     0                 0.074        
  Diabetes mellitus                             94 (37.5)    11                0.700        
  Hypertension                                  184 (73.3)   26                0.277        
  Reoperation                                   8 (3.2)      2                 0.291        
  Percutaneous corornary intervention history   24 (9.6)     4                 0.545        
  Peripheral vascular disease                   67 (26.7)    8                 0.901        
  Coronary artery bypass grafting               171 (68.1)   18                0.123        
  Valve operation                               66 (26.3)    12                0.123        
  Aorta operation                               52 (20.7)    11                0.041        0.046
  Endocarditis                                  7 (2.8)      1                 0.905        
  Cerebrovascular accident history              42 (16.7)    8                 0.180        
  Recent MI (\<30 day)                          56 (22.3)    14                0.002        0.038
  Old MI                                        17 (6.8)     2                 0.900        
  Ejection fraction\<50%                        80 (31.9)    16                0.018        0.282
  Pulmonary artery pressure\>40 mmHg            68 (27.1)    13                0.065        
  Creatinine                                    1.19±0.57                      0.244        
  Body surface area                             1.60±0.16                      0.635        

Values are presented as mean±standard deviation or number (%).

EuroSCORE, European system for cardiac operative risk evaluation; MI, myocardial infarction.

###### 

Definition and incidence of postoperative complications

  Complications              Definitions                                                                                                                                                                                                                                              Value
  -------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------
  Respiratory                Prolonged intubation (\>24 hr), reintubation, or pneumonia                                                                                                                                                                                               63 (25.1)
  Renal failure              Increase of serum creatinine to ≥2.0 mg/dL or more than twice of the preoperative baseline level                                                                                                                                                         49 (19.5)
  AF                         New onset of AF/flutter requiring treatment                                                                                                                                                                                                              46 (18.3)
  Delirium                   Attentional deficits & generalized severe disorganization of behavior                                                                                                                                                                                    42 (16.7)
  Cardiac                    Arrest or atrioventricular block (permanent pacemaker insertion) or cardioversion/defibrillation for hemodynamic instability or intraaortic balloon pump/extracorporeal membrane oxygenator support, or prolonged inotorpics due to low cardiac output   28 (11.2)
  Bleeding                   Patient returned to the operating room for mediastinal bleeding/tamponade                                                                                                                                                                                20 (8.0)
  Infection                  Any postoperative infectous complication requiring antibiotics except for pneumonia and mediastinitis                                                                                                                                                    19 (7.6)
  Cerebrovascular accident   Neurology & positive results in neurologic imaging                                                                                                                                                                                                       13 (5.2)
  Mediastinitis              Positive results on computed tomography & reexploration                                                                                                                                                                                                  8 (3.2)

Values are presented as number (incidence %).

AF, atrial fibrillation.
